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J. H. h’jlll;II:.:J, E. M. wi~crk~l, N. E. Vilncl(’rborgh,
P. Wa.glwr, 1’. L. Xdm,k dlld J. D. Ol:; cII

LInivrrblty of C:llliornia
LOG Alamo:; Scli’IIti[ir l.~bol-tlLory

Los Alamos, NW Ntixlco 67545

INTROI)UH’I!N—

Coal is gainins ncv strcnr,th aS the world s~.lrchcs for more enerEY. COal ~S
Ot a Very c~~:ln fur~, hOWC\’L’r. )!,lnY of ILS problcr~ can I-IC traced b~lck to ics

ailc composition, f.e., a scdirm,ntary fornm[ion of combLIstiblc, orflanic nmt~?ri.11
ontainin~ lnor[:.ll~ic rock ~:nd mineral mattur. h%en m.incd, additional inor~anic

atcrial which surrounds the COU1 se.lm may be tckcn as coal SWIUM are strippdd as
“opidly and as ccomJmiciIlly as possible. From an enviromnmtal viewpoint. the
lincral matiter in coal products undesirable I;CSCOUS and particul~te pollutuncs
~hich cscapv jnto the atmuspherc when the coal is burned. To rcducc these problems,
Ibout one-half of nll the conl mined in the U. S. is cleaned or prepared near the
line to rcmo’Jc soc~c of the heavier, unwant~d, mineral mttc~ from the lighter
:oal. 1 The prc-p~rcd coal that is sent co the power plal)t is c~eancr and thus pro-
Iuccs less air contamir,ation when burned than if it were not cleaned. The coal
)rcparation waste lcfc behind, Imwcver, is not always innocuous. The choice
Ippcars to be bctwccn possible terrestrial pollution from coal preparation wast=
md obvious atmosrhcric pollution if these same mtcrials were burned in the coal.

Coal Prcp=ratlun wastes contain a broad array of acccssorv or trace elements.z
iomc elements, such as iron, sulfur, aluminum, silicon, potassium, calcium, nng-
Iesiurn, titanillm ~!nd sLMIiIJin arc present near or .ILIJVC the one percenc level.2.. ..-
‘hcse elements form the mjor mineral species, SUCII as pyrite. clays, quartz, cal:-
:ite, an: rutilc. Alrost all the other elements are present in much lesser
hMOIJntS. The chemistry of Lhc various trace elements in t!]c coal waste structure
is lCSS WCII understood than it is in CO,ll itself where, for all the years of study,
he subject of minor and trace clcwent chc dstry ;mJ associations is still dubtitt~d.
:n any wastu pilr, llowcver, each element will hJve some propensity tc bc ieachud
mcd thcrcbv c~rrjcd into the aQII;ItIr rm~~tr.-m~mvr. T-,,..,,., +-..*--- ---- . -- 1. . . -- -- ,,.. . . . - :7. ti..-...A :L’.wLa-
,orics throughout the country arc working at trving to undcrst:lnd how the elem)nts
me associated in coal and coal wastes, and thereby what their leaching propensity
light bc, but, until this is accomplished, the most enlightening Inforrntion ~kout
:lcrent levels in waste-pile drainages appears to be the drainages themselves.

I
Trace or accessory elements arc be~inning to bc recognized as serious water- ,

lornc contaminants. The cocccrn ~bout elements in coal waste dritlnagc SLCMS from
;he’sensitivity of plant nnd anjral ilfe to them. All clcmcnts can be tolerated at
iomc level, but tnjny cause mortality at even very low 12vc1s. For example, it has
)een rr,~orted that as Little as 400 ppm of Fc or ,!1 ions in soils can result in the
Mrtality of pliInLs, and that fish kills may be caused by concentrations of thuse

kens as low as 0.5 ppm.’” In acid cnvironmcnt~, such as exist in the drJinages
!from coal waste piles, it is not unreasonable to t’xpuct the lCVCIS of aomc cltr,unts
to bccomc this high or higher and thus thrtmtcn ani.mzl and pl~nt life.

l’kct- on el~ment lcnrhlns from coal wasrc arc found to be som~what restricted.z
;Cencrnlly, lCSS th;ln a dozen clrmrnts hav~ been studjcd. Almost all are consic!cred
,major elemrnts. orl~t)r th.~n tht} iICidiL~-prt,dUClng dllity (mcwurcd by lcachdtc
I Idity and p[[) of C(oJl W:l:itc,,ac fcw parameters hnvc been studlcd wlIich can Ilulp prc-
Idict LhC be!l~vlol- of l~l~>i~:i:llts in t.ht’ unvixonml’nt. Not even tllc purccnt~~cs of
‘elements t~laL can IJC lt)il~li~d uppear Lo be kllwn,

L

In short, the cnvironmuntal
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~.
bchavlor of the clcni.’nLs in coai WU9Le piles is very poorly understood. ..,,..

I

~the drain,lyc
I Through 1975, only n fL’W ilULhl~i_S ll~t-! SLUL!lI’11 t:lc’ l.’v~’ls of L,lc’milnts found in

, from cGaL vilst&” plLL.S.t ‘lk~~icully LilL”:;L) tmli,mt’nts h.IVL! hci,n th(viL?
ireadl ly m~h:lsuted vi th ~lcomic ~lbsorpt 10 II, n:lm~’1y FL’, Al, Fhl. Ca und Ffg. Addltil.)ndl

:icIn!i less frL’qUL’l~tly r~p~rt.’d. buL m,,.lsuri,d by tills tccltnlquc are ?h, K, Zn, Xi ~nd
Cu. very scant quantiLativc data ore av~llablu for P, B, No, Cl and Pb. oth.,r

‘paramett’rs [rcqucntly d~’rcrmtncd for refuse drainage are pll, sulfate ion and total
soltds, while total acldlty and conductivity arc lCSS often measured.

I
I The llttlc quantitative data avnll:lblc supporL what thos~ who have sctn the
‘run-off from coal waste piLcs would Ilnve guessed: the aqueous dr:linagc from CO:I1

,rcfuse USUJ1lY contains Considcrablt’ dissOIVL’d mincrol or inor.wnlc matter. For
drainages from coal waste pllus in l’unn::ylv.~nlo, West Virglnln, lhmtucky, Indi:lna
knd Illinois where the pH was belw 3, dissolved iron lCVCIS are almost always well
hbovc 500 ppm and sulfatu ions above 1500 ppm.s Some Pcnnsylvflnid coal wwtc
kfflucnts have been found to have greater than 4Z sulfate ion, while some Illlnois
~rainagcs have over 1% dissolved lrun.5 The higllcst ion concuntrntinns are gvncral-
ly found in the most acidic drain~[;cs..3 5 Certainly these elemental inn lCVCIIS arc
cause for concern, considering the sensitivity of plant and animal life to many of
zhem.
I

1

I Recognizing the need to understand the chemistry of environmentally harmful
trace clcmen;s released in the drainage of coal preparation wastes and the need to
develop control technolohw for rcmovin~ or recovering}: the elements of cnvironmcnt~ll
or economic interest, EPA and ERDA, through an lntaragency agrcument, initi;lttid a
program at Los Alamos Scientlrlc L~buratory in 1975 to study these probl~ms. 1’hc

data reported in the technical sections of this paper were obtained as part of that
project.

II

I ——.. ..— —. —.. K4TERIAL COMPOSITION
r ..- .,

I fie coal preparation waste ti,.~t wc have studlud came from the southern part of
~he Illinois basin. This basin, which includes Illluols, Ind~i:nu, and western
Kentucky, 1S one of the major coal mir,lng areas of the U. S. The coal in this ~lrca
;1s highly mineralized , cspcciaLLy wltll pyrite , which is quite scnsttivc co ~xid~-
tiorA did j-itil.L =ulf~ri~ dcid dnd suiui>ie iron. ille wusLe mtccriai scualcd Is rcp-
reaentatlw of the average d:[ily production of wnstc produced by a COU1 ;Ircpor;ltlon
plant which cleans over 10,000 tons of coal per day. The Odner.31 cwItcnL iS giVCn

.in Table I.

I The ❑;neral composition of the wnstl studied fits well into the rnngc typlc-l-
ly found in the [llinnis fl,win.6 (Some values like pyrite and mrcasitc and gypsum
may be a little high when the major clcmcn~ content below is cunsldcrcd.) Silica
(19%) and alumlnosilicatcs (39%) arc the dominant minerals, whllc pyrltc (17Z) ,Ind
surprisingly marcasite (122) comprise a major portion of titc remainder. Rcsidll:ll
coal comprfscs most of the unaccountable inilter~~l (11%). This snmple did hv~) II

surprisingly low calcite vnluc. This could lowr thl~ inherent :lcid nuutr:lllzin~

ability of the waste nw~terial. Other than this, this rnnterlal should leach llkc
much of the other coal prep~ration wustcs from this rcglon.

The major elements in the coal waste studied arc those which make up the
❑inerals dlscusscd abnvc. A listing is glvcn in Table 11. SomL* truce t~lcmt,nts
which nrc potcntt:]lly h~lznrdous arr Rlvcn Ln T.lblc LII. ALI tllusc ulc. munts :Irc
typical of the VJIIUUS found in ti~ls arua of the Illlnois Musin.b

I

I
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I I
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1!nrr:l 1 WL. %

Illitc 11.7

Kaolinltc 7.8

Other Clays 19.5

fKjw.._. Flgur?~”?..
Pyrite 17.2-’

Marcasite 12.4

Gypsum 1.2

Calcite 0.0
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Ml-loll lSOI:CA!; lC ELlim’N”rs

IN AN ILL ISOIS-DASIN CIJ\L

PREP:\RATI(l:; W,\STE

El vfi;,!nt wt. %

51 13.6

Fc 11.0

Al 5.1

K
Co D), Ons will,l.’llli,,s,. . .

Ti 0.35

Ug . 0.23

Na 0.16

Ca 0.09
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H)ME TRACE EL I::’; !:LS

IN id+ ILL ISOIS-3AS1N

COAL PKEPAIL\T1 ‘:: XASRT.

Zn I

Ad ‘-
v

Cr

Ni

Cu

Pb

co

Be

Cd

86

77

71

51

34

30

2.t

0.1
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STATIC LFACHING STLnIES

4

+.— -——

~

Static leaching techniques offer a rapid method for determining th~ e!fccts C:
xpcrimcnta! parameters. I[owever, these tuchniquus only roughly approximtc the

actual cnvilonmcntal conditions cncountcrcd. WU have used this technique LO studv
imc, tcmprr~curc, particlti size, oxyge)i ~nd pil effcc~s on the element icacninq

from coal waste materials. A few examples are presented below.
I I

I
Crushed (-3/6”) or powdered (-20 mesh) waste (50 g) was added to 250 ml of

lerschate (distilled water or dilute sulfuric acid) cantitined in a 5C0-ml crlenmcvcr
flask. The fl&k was either stoppurcd or fitted with a modified stopper dcsi~nuo
to allow air into the flask while rctairting the contents. Heaclng, when d.,<ir~~d,
, as provided by a variac-controlled heating I?.lflLIc . The complctcd flask &ssertily

I

as inserted into n shaking apparatus that was used to agitate the sanple aurln~

th~texpcrimcnt. After the completion of the leach period, the sample was rcnoved

from the shakcr,and the lcachate and residue were separated by vacuum filtration.

e reslduc was rinsed with dlstillcd vatcr and the filtrate added to the lcochatt.

I The leachate was tested for PII and then acidified with 6?4 nitric acid(to pre-
vent preclpftnte forumtion) and made up to 250 ml. Allquots from this were used to
I
t

eterminc total solids and elemental ion concentrations.

Selected results for a series of experiments covering waste size and ox?gen
prescnco for times up to 8 weeks are givrn Ln Figure 1. Illinois-Basin CO,I1 w~stc
,produccs an immcdl.ltc drop in pll, reaching a V.TIUU of 2.5 wiLhln a contact tirw of
~ust ]C mlnuLu!+ (FiCurc lJ\). ‘This Villuc continut)s to drop stcndily In the prc-
,sencu of air ~lnd is still droppln}: whun it reaches 1.8 in 50 days. Iv the ;;bscncr

of air, PII rises. (The initi~ll PII drup prtibilbly ruflcrts the prrscncc of oxyj;cn in
‘the unpur~;ccl,

L

but stopperrd fl:lsks.) Presumably, the chumlcal systcrn 1s equillhr~c-
in~ throu~~l rc:]ctions which consume or tic up hydrogurs ions,. Thc deplctlon of., .,..., ,. ,.,

.-—— . . . . . . .J

I
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1 I

1 Very similnr rrsults to those for the dissolved solids arc observed for iron,
hich rcftur.ltcs the sensitivity of ttl~s clement to oxy~cn (Figure lC). Tile strong

llcachin~ power of highJy cone.lminatcd ilnd acidic lcachiltc with dissolved air iS

>cadily fipp~lrcnt when it is seen t!l.lt 40% of all the iron available is lcachtd frcm

I Particle size is also important in coal waste leaching. This is reflected by
he nearly 20Z increase in iron lcachc’d from -20 ❑esh waste over that from -3/8”
astc (Figure lD). With the trend towards tile processing oi finer material through

shc preparation plant (807; of the wastL in this plant was minus 2 inches), waste

r

ilc leaching will bccomc more seJcrc. . I I
L Not all elements behave like iron, which starts out at a rclatfvcly low level

f solubllity and rapidly increases with time (Figure lE). Alumlnum, a ❑ajor cun-
titucnt of clays and fcldspars, is and rcrmins quite insoluble.

F

Nickel, an elc-
nt whose mineral association 1s not known, on the other hand, is much more soluble

han iron. Indeed, a wide range of element solubilities might be expected.
i

I An experiment to determine the volubility of a variety of elements in coal.
aste was conducted on -20 mesh waste under room temperature. o?cn air conditions.
ot entirely surprtiin~. the elements which were prcsenc in the highest conccntra-

/

~ons_in the leachate were generally CI1OSC that were also present in the greaccst -
mount in the bulk nuterial (compare che “amount leached” data in Table IV with
he data in Tables II and III). L%en the percentage of material present in the
ulk material that is leached is considered, a very’different picture takes shape.

I

Calcium occurs in a very soluble form in this Illinois-Basin coal waste (see
the “% leached” data in Table IV). This is cnnsfst~nt T.?ith the . . . . . . ..- cf ;j-p~u-i.m.-. . . . ..-

1

obalt, nickel, zinc, cadmium, and manganese also occur in relatively soluble forms.
Frequently thought to occur as sulfides, they do not appear to be related to the

ulk of the iron which occurs as pyrite and marcasite and is less soluble. The
imilarity of vanadium and chromium to the clay elements.aluu.inum and potassium,

#uggests that these elements may substitute for aluminum in the clay structure.

F

Itanium is quite insoluble, as would bc expected if it occurred as titanium
ioxidc . This particular compound has been observed in the waste, using an clec-

itron ❑icroprobe. More conclusive elemental leaching behavior and m.incral associa-
tions will arise as more daLa become available.

b

Static leachilig experiments will

I
rovide a rapid method for providing much of that data.

I I
II COLUMN LEACHING ~TLIDIES.—

I
I

Dynamic column leaching experiments provide a laboratory technique to answer
a msjor criticism of the static le~ching methods, i.e., they mmrc nearly approxi-
mate real-life conditions. On the other h~lnd, dynamic experiments nrc somwhat

. hre difficult to control, arc time consuming, and rarely provide time-dcpcndcnt$
jpercentagc-nf-clcmcnt-lcachcd type data without tcsorting to mathematical L~mnas-
tics. In spite of thc:;e difficulties, column lcachinq cxpcrimcnts provide quitu
~eful Information which can bc of use to understand how wsste pi] os behave unJrr
Ileaching conditions and to indicate :IIU types of methods that might be ncccssary

I
to control waste pile leaching. !.:

L....-Crushed waste samples (1500 E) were mixed and carefully loaded (to insure
niform distribution) into ~ glass column 70 cm ‘.ung and 4.6 cm in diameter. TJl Is .

. -.

I

I
I
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ELEMENTS RELEASE!) FI:(N1 AN lLLINLIIS-lL\SIN COAL WASTE
I

DURING 4 DAYS OF ,IQLU:OLISLIL\cll I!JG
(a)

1

E]cmrnt

! Fe 16401’

j Ca 680

‘ Al 570

:M 216
&.-—— Figurc$ rgo~ !igurc ca:~tio

74 “

1: 48

INrs 40

‘ Ni 31

co 18

7

~ :: 4

::
<2

<2
! ~r

1

-&—— 0.2— —

cd o.~

Ipb <0.2

% Of Tot;]l
Element Element l.L,lIi”!~

Ca 79

co 60
0

Ni 46

Zn 42

withirlt’cd “?OCC - 5’/4 x 7jj -- ->

no
Fe

h

Hg

Cll

Be

Na

v

Cr

Al
\

.-— —.3 .— — —

28

14

9

9

7

6

5

<3

1

,1

31 -—- —.

~ (a) -20 mesh vaste opene., co air at room temperature
I i

1[ 0) uso aqueous level if 1 g of waste is leached with 1 g of water

I

/
4--- Figures and [;gurc cap!~;:lz w;;l-i,l !is space - S% x 7“ —-—k-

1 I

~olumn had previously been drawn at the bottom to provide a SM1l (7 cm) orifice.
An overflow tube (7 cm) was provided at the top. Particle retention was insured by
placing 5 cm of glass wool at the top and bottom of the column. Distilled water,
which had been equilibrated with air and had a 100 cm pressure head was metered
upwards throu~h the column t~ prevent pluEginE. Flow rates verc generally around
fi5 ml/hr. During experiments where air was passed through the column, the le~chate
bra@ removed through the bottom orifice and air blown (260 L/hr) upwards.

I I
Leachate samples (35 ml or 100 ml) were collected periodically, their pil

Idetermincd; alld then acidifi~’d with 10 volume percent of 6N nitric acid. Thus e
acidified samplus werr then analyzed for total dlssolvcd so!ids and inorganic elc-
bents andtheslata corrected fordi’,tiofi.

L
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,111> 15 v,, . ~ypt.v;rl:frn Iiltr . . . . . . . . .

-J
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

-— -.. . . . . . . . .

I
1+ 1,1 ,,. . ; .q~a. !1,,. . - . . .—. E-

cnrl

I

L)onot IVPISIH Ihls crrccs
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pm ill!,t~u!.ly .Ilr(l[i),ll :1 co II u,I.~tt, L“II IUP:II arr !Jil[,xn I n tl~:ur(, 2. (A much r.,r,, CU>
,ptcllcw; Ivl. cotll~il.lt I 01] will d!l[lt,.lr In Lb.* .InnUlll rt,~x,rt of tlli:; pro]cct. ) ‘l”lIt. ],.-/
!inl Li:ll 1111Vdlll(’ (1.7) l!i rnl(’11 llLL’ L!IC v.lI,lc, ~IIJ:i~.I’v,,J iII LIIL’ :;t,ltic CXpthrl:’.~,ll LS

abovv . 111(~ SII,1[112 of LIILJ pl[-volu[~!.. curve rcmln d:; nnc o[ a “~~,;lk-.i~ld L!trJLlol~

‘Curve.

I

IIcrc Lb,, lnitlcL 1,,11 poiIIL o,-cur.i ,Iround 3000 ❑l or n(, arly 6 times tllc vo!-
mc of wat~’r (590 nl) n,,(,dt,d to cotr~~r tht’ coil] wil.+to. ~Itl c:lrly rise in Ij;l suj:-

gcsls tl,.1[ a m)dc,r.ltc amount of acidic m~tcrlal is orifilnally present and Lh:Itw-rc

r

s not rcndily formwl with tl]c influx of fresh wfitcr.
~ I

T’hc initial iton content (over 10000 ppm) in lrachatc from coal waste is hi;i

1

(Figure 2). llle lCVC1 falls off cxtrimly fast :ind is only a fcw hundred ppn ai:er

liters has p:Isst’d tllroq:tl the 15f10 g m.lss. The lCVC1 cvcnLually drops to 10-2;
pm and rcrillm constdnt aflcr 10 lJLcrS have bucn collected. It would app~:lr t!it

n]y a curtain amount of soluble iron is initially presc,lt, that this is flushed -

ut, and LhJt additional soluble iron dots not form rapidly.

I
TIIC iron behavior in che continuous flow system is dramatically different f::a

that in the static systcm. (Compare the -3/8” open system data in Figure IC with
that in Figure 2, using 1 lftcr of volume as being approxi~tcly equal tc 1 d~y ci
time.) lhc failure of significant amounts of soluble Iron to form in the flcwing
system su~gcsts the abscncc of the proper conditions in this system to oxidize
pyrite. The irportancc of oxygen and ferric ions as faccors in the oxidation of
pyricc has long been recognized.’ Ast~onomical incretises in oxidation of pY~iLC iy
iron bactcrfa have also been observed.’ In general, the rate-detcrmining7scup,
oxidation of ferrous ion to ferric ion, occurs mrc rapidly at higher PH. Thus ,

N does I:ot a pcor to be a factor.
?

Silica and clays, on the other hand, can cacalyze

the reaction. Ml in all, it appears that reu.oving the pyrite oxidation products
from the vicinity of the pyrite and minimizing contact with contaminated waccr
reduces the overall contamination by pyrite oxidation.

Y __l.—..._ .
Data for PH %-d “iron concentration leve~i in a leachate when the water flow &

eriodically interrupted and air is blown through the waste Irc shown in Ficurc 3.
e first parts o: tlie curves (UnLil the interruption for air) are like those in

the continuous leach experiments (Figure 2). A[tcr air is blown through tllc CO1’C=
~or 1 day, hmvevcr, the pH drops upon resumption of leaching and the iron ccnccnz:a-
Cion doubles (285 Pptn rises to 550 ppm). M thr leaching concinucs, rhe.sc par~-

1

,Qtmre rptf~rq ~~ ?-p~r~y~~s~g~q: ~>.c c==: ...:~.JcS cs thcs< ‘..M+c:tid ;; IIu LliLuL~upL1-U
ad occbrrcd. When air is bl-kn through the column for 7 days, the drop in PII
ecoffi?s niuch more nmnounccd, >nd the iron concentration Increases 12-fold (78 p;=
i.ses to 1000 ppm). I

1 I
Too little data are available for a sJlid explanation about the behavior

f the discontinuous leaching aysLem. TbJ plausible explanations for the increas~s

n acid and iron concci~tratio~, however, are increased oxygen transport and mini-
ptatic/cquiltbrium leaching sites. Since the waste never:became dry during either

1

“Tir-flow period, small “ponds” of contaminated lcachate could have formed. Unlik?

he flowing water wiLh its relatively fixed armmnt of oxyg$n, these little “ponds”,
uld eesily supply their oxygen contmt to the reaction site and readily be re-

lenishcd by the passing air. I
. I

,

The discontinuolls ~caching of coal wastx indicates serious potential problc=
,hat might occur durin~ the disposal ot coal waste. Waste wtcrials are gcncrall::

discar~c’d wet or damp. TIIis shoula bc a condition highly suitable for pyrite oxiia-
kion. Alsa wasti>s discardc’1 in the m~.dwI?sc and east reccivc substantial amounts O:
~ain before they are covered. lhesc generally drain but remain damp f?r long

r
riods . Again o::idatir)n should be prevnlent. Good disposal nroccdurcs MJV need

o Include considerations deallng with nmisturc ccntcnt, spreading area, and time
klelay bef,}re covering in otdcr tc minimize acid and ieachable iron production.
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Figure 2. p}{ and Iron Concentration Chan~cs as Water Passes
Continuously through an lllinois-Llasin Coal Waste.
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coal prLipilr.lL lL)II u.l,;t(. contain% .1 mIIlt lLII(II. nf lr,lcl),lblc cl~.m~.rlts. D.iL.l ~{ :
9 clcmcl:ts arc pri’scnt~’d h,’rL. Ci~n~,r.lllv cl], sr C]!. ?U,rlL.i occur In t!Ic, L,a~Lt. iv.,. ’l-

tcs ilt l(v I,l!; r(,l.lc(,d LII [Ill,lr c.c~.l]rru,ncl, III Llll: x~.;t~,. Cloccr in:,p:,ctl,lll r~v~.,ls,
lwrvcr, Lh.lt ~orm’ c1 i’rI(:nLs .~rt. much wlrc lt,.lCh.lblt, Lh.in o[l)u r:;. Ill U*, f,., r
llinols-1~.l’,i,] v.1’;Lc irt~n i:+ f~lun,l to bc pru:;cnL In VJSLC luiIc!I.ILc in lIiI,!I ,IC,,III;.:+.

Jt this dmount r~’prc::t’nt:; oni”J n SWI1l p~rcunt.l~u cf the t,lt:ili?un ~n Lhu W.lbt=.

>bnlt ;Ind nick. cl. 0:1 [Ilc oLher Ilmln cl, .Irc, not very pldnti[ul in Lhc .w. wste, huL ::c

l~I]y lc:]cllilbl,,. Aluminum, a ~jor Con(; titucnt of c]nys in Lhr! waste. is very

~orly lca~hcd. 1“ {
OxyCcn avail~lbilltv is a prime factor in the production of soluble !ron ‘Jhi:h

; rcacli Jy flu:illc’d from Lhc .w~,;tc. l’.-crtlclti sizr 1s lc:;s important. Urrdur d:]r.;
>ildltions and with pll}nty of air, pyrite oxidizes r~piiily. ~iS lJtC~r S(tu.lti:l

xcs a prublcm for the plant oprracur, as coal preparation wastes arc discard~:d
Imp and remain so via rainstorms for long periods before they arc covered.
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